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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 Introduction 
 
 
An earthquake is produced by the sudden rupture or slip of a geological fault. 
Faults occur at the intersection of two segments of the earth’s crust.  Peninsula 
Malaysia lies in the Eurasian Plate and also within the Indian-Australian Plate. 
Geologically, small faults also exist in East Malaysia.  Records have shown that we 
do sometimes experiences some off-set tremors originating from the Indonesian 
zone.  Thus there is a need for some seismic checking to be incorporated in the 
design process so that the structures would be resistant to earthquake.  
 
 
Malaysia was affected by the Indian Ocean earthquake on 26 December 
2004.  The worst affected areas were the northern coastal areas and outlying islands 
like Penang and Langkawi.  The number of deaths stands at 68. Houses in fishing 
villages along coastal area were damaged in Penang, Kedah and Langkawi. 
Therefore it would be unwise to totally ignore the effects of earthquake on structures. 
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The Guillemard Railway Bridge was built across the Kelantan River in 
Kursial near Tanah Merah.  Construction of the railway began in 1920 and was 
completed in July 1924.  This bridge consists of 2 spans of 200 feet and 2 spans of 
250 feet.  Today, the railway bridge is used only for trains and makes up part of the 
Jungle Railway line.  The Jungle Railway is the railway line serving the East Coast 
states of Kelantan and Pahang in Malaysia. Guillemard Bridge also happens to be the 
longest railway bridge in Malaysia.  However, the design of Guillemard Bridge 
excluded the seismic effect, thus in this project the seismic vulnerability of the bridge 
will be studied. 
 
 
 
 
1.2 Problem Statement 
 
 
In recent years, low intensity earthquakes have been occurred in least 
expected places, such as Malaysia.  But most of the structure designs in Malaysia do 
not take earthquake into consideration.  Therefore, the situation where there is 
complete ignorance and unawareness of earthquake should be avoided. 
 
 
In bridge engineering, a large amount of bridges have experienced damages 
at region of low to high intensity earthquake.  For example, the Loma Prieta 
earthquake which was a major earthquake that struck the San Francisco Bay Area of 
California on October 17, 1989.  The earthquake measured 6.9 on the Richter 
magnitude scale which caused one 15-meter section of the San Francisco-Oakland 
Bay Bridge collapsed, causing two cars to fall to the deck below, leading to the 
single fatality on the bridge.  There was little use of nonlinear analysis in the design 
of bridge. In order to correctly analyze bridge performance in a major earthquake of 
long duration, the use of nonlinear analysis technique is important. 
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1.3 Objective of the Study 
 
 
The objectives of the study are: 
 
(i) To determine the structural behaviour of Guillemard Railway Bridge 
under earthquake. 
 
(ii) To identify to what extend Guillemard Railway Bridge could survive 
under ground acceleration. 
 
(iii) To identify the critical part of the bridge under earthquake loading. 
 
 
 
 
1.4 Scope of the Study 
 
 
The scope of the study includes the following items: 
 
(i) Study the architectural and structural drawings of Guillemard Railway 
Bridge. 
 
(ii) The Guillemard Railway Bridge is modelled using SAP 2000 
computer software. 
 
(iii) The dynamic linear analysis using SAP 2000 is divided into free 
vibration analysis, time history analysis and response spectrum 
analysis. 
 
(iv) The dynamic nonlinear analysis using SAP 2000 is divided into free 
vibration analysis and time history analysis. 
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(v) Different level of earthquake intensities: 0.074g, 0.15g (low 
intensity), 0.25g (moderate intensity) and 0.35g (high intensity) is 
applied to the bridge model respectively. 
 
(vi) Each level of earthquake intensity is applied in x direction, y direction 
and z direction respectively. 
 
(vii) Calculate the element capacity. 
 
(viii) Comparison to be made between element capacity and element 
loading. 
 
